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Summary
Introduction: Post-traumatic total knee arthroplasty for extra-articular malunion requires
correction of the deformity, either through asymmetrical bone resection (possibly inducing
ligaments imbalance) or osteotomy at the time of arthroplasty. We report the results of a con-
tinuous multicenter, retrospective series of 78 patients (18 implants with osteotomy) with a
mean 4 years of follow-up. The hypothesis is that the selected procedure requires to be based
on the deformity’s location and severity.
Patients: With a mean age of 63 years (younger in the osteotomy group), 38 patients had
femoral malunion, 36 had tibial malunion, and four had a combined malunion. There were 70
frontal deformities (48 varus and 22 valgus) and 10 rotational deformities, often diaphyseal,
four of which more than 20◦. Twelve patients had a history of infection; eight had frontal
laxity greater than 10◦, and 15 a limited range of motion in ﬂexion. In 70 cases, semi- or
nonconstrained implants were used, and in eight cases more constrained implants, including
four hinge prostheses.
Results: We observed two deep infections, one case of avulsion of the extensor mechanism,
and two cases of aseptic loosening with femoral malunion and varus deformity. Two osteotomieswith internal ﬁxation devices mobilization requiring revision usingresulted in nonunion, one
extension rods. The function and pain scores were signiﬁcantly improved. The mobility improve-
ments were moderate but did not compromise the surgical procedure main objective. The
preoperative hip-knee angle was corrected with both techniques. Only the function score gain
was greater for the isolated arthroplasty procedures.
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Discussion and conclusion: The indications for arthroplasty alone were extended to 20◦ varus
and 15◦ valgus, with no major residual laxity. Beyond 10◦, hinge prosthesis should be avail-
able. Associated osteotomy can correct rotational deformities that cannot be compensated
with bone cuts. In deformities that are close to the joint, osteotomy facilitates implantation of
moderately constrained prosthesis. This indication is based on CAT scan rotational deformities
measurements because rotational deformities require an osteotomy, and/or the presence of
extraligamentous deformity that cannot be reduced with collateral ligaments surgical release.
Level of evidence: Level 4. Non-controlled retrospective study.
© 2010 Elsevier Masson SAS. All rights reserved.
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17 femoral intramedullary nail ﬁxations and nine tibial).ntroduction
nee osteoarthritis with extra-articular malunion by def-
nition includes fracture sequelae for which the initial
ontinuity solution does not involve the cartilaginous sur-
aces. When the femoral or tibial fracture extends beyond
he knee’s capsuloligamentous envelope, healing in a
oor position induces extra-articular deformity, which can
ave repercussions on the joint’s mechanics. When post-
raumatic gonarthrosis has developed, implanting a knee
rosthesis involves realigning the lower limb to ensure that
he ﬁxation of the implant components remains stable and
o minimize long-term insert wear.
Several possibilities exist for correcting extra-articular
eformities. The ﬁrst is to recover frontal deformities within
he bone cuts, i.e., with asymmetrical resection within the
apsuloligamentous envelope on the corresponding bone,
hich induces resection laxity, varying in degree in propor-
ion to the degree of bone deformity [1]. This laxity can
e tolerated if it is moderate. If it is greater, it should be
ompensated by release of the opposite collateral ligament.
t worst, it requires increasing the prosthesis constraint.
ore logically, the deformity can be corrected with associ-
ted extraligament osteotomy, sometimes performed before
rosthesis implantation, which requires the two procedures
o be either simultaneous [2] or successive [3—4].
The literature on isolated knee arthroplasties with extra-
rticular malunion is scarce. Most authors report small
eries, whose main limitation is the absence of precise
ocalization of the malunion in relation to the knee’s cap-
uloligamentous envelope. Rofﬁ et al. [5] discuss fractures
eighboring the knee. In the series reported by Lonner et al.
6] on 31 knees, osteotomy was associated with the pros-
hesis in four cases, suggesting substantial extra-articular
eformity, with no other details on the remainder of the
opulation studied. In another publication, these authors
eem to prefer associated prosthesis and osteotomy to cor-
ect femoral varus deformities [7]. Papadoupoulos et al. [8]
erformed six associated osteotomies in the treatment of
1 cases of secondary gonarthrosis to distal femoral frac-
ures. Wu et al. provide a general discussion on the problem
f post-traumatic osteoarthritis of the knee without speci-
ying the corrective techniques for extra-articular malunion
9]. Wang et Wang [10] provide a precise description of the
echnique consisting of recovering a varus deformity in the
one cuts with speciﬁc ligament balancing. However, the
espective indications and the limitations of each technique
emain ill deﬁned.
T
f
e
bWe report a retrospective series of 78 total knee arthro-
lasties (TKAs) performed for extra-articular malunion of
he femur and/or tibia, 18 of which were associated with
realignment osteotomy. This was a multicenter study con-
ucted for the symposium on post-traumatic gonarthrosis of
he French Hip and Knee Society (Société franc¸aise de la
anche et du genou [SFHG], Paris 2009). The results were
nalyzed in an attempt to detail the indications for each
echnique (TKA alone or TKA associated with osteotomy)
epending on the initial deformity. The working hypothesis
as that the choice of technique was based on the location
nd severity of the deformity.
atients and methods
tudy population
eventy-eight TKA ﬁles (78 patients) on extra-articular
alunion were selected. The malunions were extra-articular
ecause the initial fracture extended beyond the knee’s cap-
uloligamentous envelope (whose joint surfaces were also
nvolved in three cases because of associated patellar frac-
ure, in one case from femoral intercondylar extension, and
n two other cases by extension into the tibial plateaux orig-
nating in a tibial metaphyseal fracture).
The study population included 33 males and 45 females,
ean age, 63 years (range, 34—90 years), operated between
000 and 2008 in eight specialized centers in France. Thirty-
ight of these patients had femoral malunion, 36 had tibial
alunion, and four had both femoral and tibial malu-
ion. The femoral malunions were more often diaphyseal
Table 1). The majority of the malunions included frontal
eformity (70 cases), varus in 48 cases (hip-knee-ankle align-
ent [HKA] angle, 169± 6◦; range, 144—179◦) and valgus
n 22 cases (HKA angle, 186± 4◦; range, 181—195◦). The
nees were aligned in the eight remaining cases. The sagit-
al and rotational deformities were for the most part found
n diaphyseal malunions (Table 2). There were 10 rotational
eformities (seven femoral and three tibial), with four of
hem 20◦ or greater in lateral rotation (20, 20, 20, and 30◦).
The initial fractures were treated surgically in 57 cases
two femoral screw ﬁxations, 13 femoral and 16 tibial plates,wenty-one patients had nonsurgical treatment (traction
or 13 leg fractures and eight femoral fractures). Finally,
ight knees had never undergone surgery; all the others had
een operated at least once (range, one to nine times). The
TKA with extra-articular malunion 851
Table 1 Location of malunions. The distribution between diaphyseal malunions and malunions with metaphyseal participation
did not differ for isolated TKAs and implants associated with osteotomy (p = 3.24 and 3.28, respectively).
Diaphyseal Metaphyseal Metaphyso-epiphyseal
Isolated TKA TKA and
osteotomy
Isolated TKA TKA and
osteotomy
Isolated TKA TKA and
osteotomy
Femur 20 6 6 4 1 1
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mean time between injury and implantation was 31 years,
ranging from 1 to 64 years. The more malunion was juxta-
articular, the shorter the time between the initial injury
and implantation (mean, 14 years for metaphyseal malunion
versus 35 years for diaphyseal malunion; p < 0.001). Finally,
12 patients had a history of infection, eight frontal laxity
greater than 10◦, and 15 stiffness upon ﬂexion, which did
not extend beyond 90◦.
Surgical technique
Sixty isolated procedures and 18 prosthesis implantations
associated with osteotomy were performed.
In three cases of moderate tibial varus malunion, medial
unicompartmental prostheses were implanted. In 67 cases,
conventional semi-constrained prostheses were used. Revi-
sion prostheses with greater constraint were necessary in
eight cases (four hinges and four augmented postcams).
Extension tibial rods were deemed necessary in 23 cases,
including nine long rods to bridge the associated osteotomy.
Nineteen osteotomies of the anterior tibial tuberosity were
performed, notably in the stiffness cases. Of the other
associated procedures, there were four cases of Judet
quadriceps release, ﬁve cases of posterior capsular release,
and one medial capsular tightening.
With isolated TKA, the bone deformity was corrected in
the cut of the corresponding bone, necessarily asymmetri-
cal. The resulting resection laxity was located in the frontal
deformity convexity and was balanced by release of the con-
vexity collateral ligament. Only two deformities could not
be corrected with satisfactory balancing and were there-
fore treated with a hinge prosthesis (one case of femoral
malunion with 20◦ varus and one case of tibial malunion
with 15◦ valgus and preoperative convexity laxity). Six rota-
tional deformities measured at 10◦ were not corrected: four
cases of malunion in external rotation (three femoral and
one tibial) and two cases of femoral malunion in internal
rotation.
p
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Table 2 Malunions spatial orientation (a malunion can have seve
Diaphyseal Metaphy
Isolated TKA TKA and
osteotomy
Isolated
Frontal 36 8 19
Sagittal 12 1 3
Rotational 5 3 23 0 1
0 2 0
In 18 cases, an osteotomy was associated with the TKA
o correct the extra-articular deformity. In this group, the
atients were younger than the groups of isolated arthro-
lasties (56 versus 65 years), but the angular range and the
ocation of the frontal deformities were similar (Table 3).
he arthroplasty and osteotomy procedures were simul-
aneous in 16 cases, with 11 single approaches for the
steotomy and the arthroplasty, whereas in ﬁve cases, a
peciﬁc approach was necessary for the osteotomy. In the
ast two cases, the osteotomy preceded the arthroplasty by
and 12 months, consisting in proximal frontal metaphyseal
orrection of a valgus tibia in one case and supramalleolar
ibial derotation osteotomy in the other case.
Eight tibial osteotomies were performed in the meta-
hyseal region (despite the diaphyseal location of the
alunion in three cases): seven in the upper metaph-
sis and one supramalleolar derotation osteotomy. Eight
emoral osteotomies were performed, with seven located
n the diaphysis (four frontal corrections, three derotations,
ncluding one oblique plane) and one in the distal femoral
etaphysis (derotation) (Fig. 1). In two cases, a double tib-
al and femoral osteotomy was required to correct mixed
ibial/femoral deformities, for one patient in the meta-
hyses adjacent to the knee and for another patient the
roximal tibial metaphysis in association with a diaphyseal
emoral osteotomy. The tibial deformity was constitutional
n one case, and in the other, it was induced by a previous
steotomy.
valuation method
he analysis was based on the simpliﬁed 2009 Société ortho-
edique de l’Ouest (SOO) score [11], because all of the
arameters necessary for calculating the IKS score were not
lways available for this retrospective review. This func-
ional score was calculated out of 100 (stair score +walking
istance score−walking aids score), with four categories:
total score greater than 89 corresponded to an excellent
ral components).
seal Metaphyso-epiphyseal
TKA TKA and
osteotomy
Isolated TKA TKA and
osteotomy
6 3 2
1 1 0
0 0 0
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Table 3 Preoperative data versus the two techniques.
Isolated
TKA
(n = 60)
TKA and
osteotomy
(n = 18)
p
Mean age 65± 12 56± 12 0.006
Sex ratio 24F/36H 9F/9H 0.56
Preoperative HKA
Varus 170± 4◦
(n = 41)
167± 11◦
(n = 7)
0.18
Valgus 187± 4◦
(n = 13)
190± 11◦
(n = 9)
0.37
Preoperative mobility
Flexion 106± 22◦
Extension 5± 7◦
Figure 1 (a) A 65-year-old patient with diaphyseal malunion
of the femur with 20◦ external rotation and 8◦ varus (HKA, 172◦).
(b) The osteotomy was performed in the distal metaphyseal
zone and was bridged with a rod from a posterior stabilized
TKA. A plate stabilized the rotation. At 62 months of follow-up
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observed in a 55-year-old patient operated initially fornd after mobilization under general anesthesia, the functional
esult was good and ﬂexion was 125◦. The postoperative HKA
ngle was 178◦.
esult, 79—89 reﬂected a good result, 60—78 a fair result,
nd a score less than 60 corresponded to a poor result. The
ain score was calculated separately out of 50.
The radiographic evaluation comprised plain AP, lateral,
nd axial X-rays, and a standing long-leg ﬁlm. In cases of clin-
cal suspicion of rotational malunion, this was measured with
comparative CT study of the femoral and tibial rotations.
tatistical analysishe characteristics of the series were described in means
nd standard deviations for the continuous variables and
n percentages for the categorical variables. The clinical
ssessment described by the knee and function scores was
f
s
a
o94± 34◦ 0.08
2± 3◦ 0.08
nalyzed using the Student t-test with correction for the
mall numbers of subjects. The proportions of metaphyseal
nd diaphyseal malunions in the two techniques were com-
ared with the Chi2 test (with Yates correction for the small
roups). The signiﬁcance threshold was set at p < 0.05.
esults
omplications
verall, the mean follow-up was 4± 2.5 years (range, 6
onths to 8 years). Sixty-eight patients were seen in the
ast 2 years before the symposium. Ten patients were lost to
ollow-up with a mean follow-up of 2.5 years (1—7).
Two intraoperative complications occurred: one femoral
erforation and rupture of the extensor apparatus. The
emoral perforation occurred during placement of the
xtension rod for a metaphyseal femoral malunion without
steotomy. Intraoperative radioscopic veriﬁcation informed
he operator so that the situation could be redressed extem-
oraneously with a longer rod and cerclage. The extensor
pparatus ruptured on a stiff knee (preoperative ﬂexion,
0◦). It was repaired by direct suturing with a 20◦ extension
ag and 90◦ ﬁnal ﬂexion.
There were 12 postoperative complications. Apart from
ne case of regressive ﬁbular paralysis and one case of
atellar necrosis that remained asymptomatic, six patients
ere revised without changing the implant: one deep infec-
ion treated with joint lavage and adapted antibiotics, two
eriprosthetic fractures, one femoral and the other tibial,
hich both had had osteosynthesis, two cases of clunk syn-
rome treated by resecting the suprapatellar ﬁbrous nodule,
nd one case of nonunion of a tibial osteotomy, successfully
evised by bone grafting and changing the osteosynthesis
aterial.
Four patients were revised and the prosthetic compo-
ents changed. Two cases of aseptic loosening occurred
t 2 and 8 years of follow-up. Early bipolar loosening wasemoral diaphyseal malunion with varus aggravated by con-
titutional tibial varus, who had undergone correction with
double tibial and femoral osteotomy. The second case
f loosening, occurring late, was femoral, in a 75-year-old
853
Figure 2 A 74-year-old man who had developed invalidat-
ing tibiofemoral osteoarthritis with diaphyseal tibial malunion
and varus with no rotational deformity (a). The deformity was
far from the joint. Although it left slight varus, isolated TKA
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patient with femoral metaphyseal malunion with varus (HKA
angle, 160◦), who had been treated with a hinge implant
without osteotomy.
One case of dismantling of an osteotomy cut with no
loosening also required prosthesis revision. This was a 56-
year-old patient treated for femoral diaphyseal malunion
with varus (HKA angle, 165◦), corrected with diaphy-
seal osteotomy associated with a standard implant. The
osteotomy cut shifted secondarily and the prosthesis was
changed for another equipped with an extension rod bridging
the osteotomy site.
Finally, one case of septic loosening was treated by
removing and replacing the prosthesis during the second
postoperative year.
Functional and clinical results
The mean pain score of the overall series at the last
follow-up had signiﬁcantly improved, increasing from 8± 9
preoperatively to 42± 11 (p < 0.001). The mean function
score of the overall series was also signiﬁcantly improved,
increasing from 44± 23 to 89± 15 (p < 0.001). The func-
tion scores were excellent in 52 cases, good in 14 cases,
fair in seven, and poor in ﬁve patients. The mean ﬂexion
gain was 4± 24◦ (preoperative, 105± 26◦; postoperative,
109± 21◦). The mean gain in extension was 4± 6◦ (preop-
erative, 5± 6◦; postoperative, 0.5± 3◦). Six manipulations
under general anesthesia were necessary in ﬁve diaphy-
seal malunions (three femoral and two tibial) and one
femoral metaphyseal-diaphyseal malunion. Postoperatively,
no patients had frontal laxity greater than 5◦.
The preoperative HKA angle was 178± 4◦ (range,
172—184◦) for the cases of varus and 181± 2◦ (range,
175—184◦) for the cases of valgus, with no difference
between the two techniques (Table 4).
The only signiﬁcant difference between the two tech-
niques involved the function scores, higher for the isolated
arthroplasty procedures than for the osteotomies (Table 4)
and the two cases of pseudarthrosis in the group undergoing
arthroplasty associated with an osteotomy.
Discussion
These results show a signiﬁcant improvement in the func-
tion and pain scores and effective correction of the frontal
deformities for all of the techniques. We observed no
consequential postoperative laxity, notably in the group
of isolated TKAs. The complication rate is clearly high.
However, many were related to injuries, notably the two
infections in patients with a history of infection.
Associating osteotomy with TKA, most often simultane-
ously, does not compromise recuperation of mobility, but
the gain in the functional result, as evaluated by the func-
tion score, seems less than in the group of isolated TKAs.
This can be accounted for by two complications speciﬁ-
cally concerning the osteotomy site: nonunion of the tibial
metaphyseal osteotomy, which seems related to technical
problems (sandwiched cement). The other dismantling of a
femoral diaphyseal osteotomy was explained by a deﬁciency
in the osteotomy ﬁxation, which had not been bridged by an
extension rod. In their series, Lonner et al. [7] also reported
g
t
v
1
fmproved the anatomic axis of the lower limb and signiﬁcantly
mproved the functional result (b): long-leg ﬁlm at 6 months of
ollow-up.
case of nonunion in a femoral diaphyseal osteotomy, which
evertheless had been bridged by an extension rod. The
onunion of the osteotomy site is therefore a risk that can
e minimized by practicing metaphyseal osteotomies, the
egion with the best potential for bone union. Osteosynthe-
is, which should stabilize the site in all planes, is reinforced
y using an extension rod bridging the osteotomy site, which
ust be associated with direct osteosynthesis to block rota-
ions (Fig. 1). Finally, theremust be perfect contact between
he bone extremities, with no interposing cement. This type
f intervention therefore presents a certain technical chal-
enge, which requires preoperative planning so that the
est-adapted material is available. In particular, the deci-
ion to perform a femoral diaphyseal osteotomy requires
alculating and acquiring the rod length necessary to bridge
he osteotomy site adequately.
In the group of isolated TKAs, the laxity of the resec-
ion was controlled since there were no cases of substantial
esidual laxity. In the cases of tibial deformity (29 cases;
2 varus and seven valgus), the laxity obtained has reper-
ussions on the ﬂexion and extension spaces. This laxity was
ompensated by increasing the thickness of the polyethylene
nsert, except for one valgus tibia with a 190◦ dislocation
laxity caused by tearing the medial collateral ligament),
orrected with a hinge prosthesis. With femoral deformi-
ies, resection laxity is only expressed in the joint space in
xtension. The four cases of femoral deformity with val-
us in our series were moderate and were corrected in
he bone cuts, retaining a slight residual valgus. In the 21
arus femoral malunions, ﬁve also retained signiﬁcant varus:
70—176◦, but these were diaphyseal deformities farther
rom the knee (Fig. 2). The situation is more delicate in the
854 G. Deschamps et al.
Table 4 Postoperative data versus the two techniques.
Isolated
TKA
(n = 60)
TKA and
osteotomy
(n = 18)
p
Gain in function score 49± 25 32± 27 0.01
Gain in pain score 36± 15 28± 18 0.06
Preoperative HKA
Varus: angle gain 8± 5◦
(n = 41)
10± 11◦
(n = 7)
0.42
Valgus: angle gain 7± 6◦
(n = 13)
5± 3◦
(n = 9)
0.37
Postoperative mobility
◦ 14± 26◦ 0.1
1± 5◦ 0.06
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On the other hand, the isolated TKA technique leaves
the rotational deformities in place, which seem difﬁcult to
compensate by the position of the prosthesis components,
without disturbing the course of the collateral ligaments.
Thus, moderate rotational deformities persisted in our
series, as in Wang and Wang’s [10], with two cases of femoral
rotational deformities, one with 10◦ of external rotation and
the other with 20◦ internal rotation, apparently with no con-
sequences on the functional result at follow-up. This was
also true in our six patients in this case with a mean 2.5 years
of follow-up (1—6), but the association of osteotomy has the
advantage of exact correction of the deformity in all its com-
ponents, including rotational. The three femoral rotational
Figure 3 Geometric construction deﬁning an extraligamen-
tous malunion. The epiphyseal axis is perpendicular in its middleGain in ﬂexion 4± 21
Gain in extension 4± 6◦
eformities close to the knee, including in the 75-year-old
atient treated with a hinge prosthesis that ﬁnally loosened.
This isolated arthroplasty technique should be weighed
gainst combined simultaneous arthroplasty and osteotomy,
articularly if the femoral malunion is substantial and
pproaches the knee. In practice, it seems important to
dentify the nonreducible or extraligamentous part of the
eformity, because, in absence of osteotomy, this will
equire asymmetric bone resection with ligament length-
ning, a technique that has its limits, as we have seen.
he stress X-rays are not always contributive, either for
echnical reasons or because of osteoarthritic stiffening.
o locate the frontal deformity, we used an a posteriori
ethod derived from Paley’s [12] diagrams, founded on
he intersection of the epiphyseal and diaphyseal axes in
elation to the capsuloligamentous envelope (Fig. 3). This
ethod can also be problematic in that it is not always
asy to specify the insertion of the ligament on plain
-rays, notably at the lower extremity of the medial collat-
ral ligament. Moreover, during the intervention, additional
educibility can be obtained by resecting the femoral and
ibial osteophytes located on the deep side of the collat-
ral ligaments. Only after these have been released can
ne obtain true irreducible residual deformity, which can
nly be fully assessed intraoperatively, and therefore with a
ertain imprecision, unless a navigation system is available.
he value of this angular deformity is the essential com-
onent, associated with other factors such as the patient’s
ge, in deciding on either an osteotomy associated with
KA or isolated prosthesis replacement. This study demon-
trates that global deformities up to 22◦ varus (22◦ for the
ibia and 20◦ for the femur) and 15◦ valgus (6◦ for the
emur and 15◦ for the tibia) have been corrected with-
ut osteotomy. The maximum varus deformity (22◦) as well
s the maximum valgus deformity (15◦) corrected in the
one cuts were located on proximal tibial metaphysis. On
arus deformities, Wang and Wang [10] extend the technique
p to 20◦ on femoral deformities and 30◦ on tibial defor-
ities. It should be remembered, however, that all these
easures involve overall deformities aggravated by wear
nd that they undoubtedly overestimate the true residual
eformities that have been effectively corrected with bone
uts.
to the tangent at the tibial plateaux. The diaphyseal axis cor-
responds to the bone’s anatomical axis. The intersection of
the two axes is not within the area delimiting the capsuloliga-
mentous envelope. The deformity cannot be reduced. It is
considered extraligamentous.
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osteotomies, whether diaphyseal or metaphyseal, were eas-
ily associated with the prosthesis, because the derotation
was performed around the extension rod of the femoral com-
ponent. However, for the tibia, derotation near the knee is
not customary because it seems to expose the patient to a
number of complications, notably compartment syndrome
and/or sciatic paralysis [13]. Derotation in this series was
therefore performed at the supramalleolar level 12 months
before the arthroplasty.
In conclusion, in the elderly patient, particularly if the
malunion is distant from the joint, the indications for iso-
lated knee replacement can be extended to 20◦ global varus
knee deformities and 15◦ valgus knee deformities, even if
it means leaving a moderate residual deformity on a well-
balanced knee. Beyond 10◦ of frontal deformity, and if
there is already preoperative laxity of the convexity, cau-
tion would dictate having a hinge prosthesis available. This
is particularly true of valgus deformity in which excessive
lateral release can lead to complete sacriﬁce of the lateral
plane, particularly in cases of disinsertion of the popliteal
tendon, running the risk of serious instability in ﬂexion [14].
For substantial metaphyseal misalignment, the alternative
is the implant associated with corrective osteotomy. The
results of this series show that simultaneous procedures are
possible, as long as the technical aspects are well under con-
trol so that union defects stemming from the osteotomy are
prevented. The indication should be based on a preopera-
tive workup that can calculate the extraligamentous part of
the deformity in an attempt to anticipate the nonreducible
residual deformity that will persist after surgical release
of the collateral ligaments. Finally, the patient should be
screened for excessive large rotational deformities requiring
speciﬁc osteotomy.
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